The homeobrain (hbn) gene is a new paired-like homeobox gene which is expressed in the embryonic brain and the ventral nerve cord. Expression of homeobrain initiates during the blastoderm stage in the anterior dorsal head primordia and the gene is persistently expressed in these cells which form parts of the brain during later embryonic stages. An additional weaker expression pattern is detected in cells of the ventral nerve cord from stage 11 on. The homeodomain in the Homeobrain protein is most similar to the Drosophila proteins DRx, Aristaless and Munster. In addition, the localized brain expression patterns of homeobrain and DRx resemble each other. Two other homeobox genes, orthopedia and DRx are clustered in the 57B region along with homeobrain. The current evidence indicates that homeobrain, DRx and orthopedia form a homeobox gene cluster in which all the members are expressed in speci®c embryonic brain subregions. q
Cloning and sequence analysis
The homeobrain gene (originally called 57San) was isolated in a screen for new homeobox-containing genes of Drosophila using homeobox sequences from the H2.0 gene (Barad et al., 1988; Dessain and McGinnis, 1993) . Cytological mapping revealed that homeobrain maps on the right arm of the second chromosome in region 57B (Dessain and McGinnis, 1993) . Detailed mapping experiments with cosmids and P1 phages from that region indicated that the gene maps distal to the two already known homeobox genes orthopedia (otp) (Simeone et al., 1994) and DRx (Eggert et al., 1998) . The gene order from proximal to distal on 2R is otp, DRx and homeobrain and the distance from DRx to homeobrain is about 17 kb.
The sequence of the 1.8 kb homeobrain cDNA predicts a protein of 409 amino acids with a molecular weight of 44.8 kD and an isoelectric point (pI) of 8.58 (Fig. 1) . The homeodomain region of the Homeobrain protein is located in the N-terminal half of the deduced protein sequence. Other notable sequence motifs include a conserved octapeptide sequence (Smith and Jaynes, 1996) and glutamine and alanine stretches. Sequence comparisons of the homeobrain cDNA to genomic sequences of the Berkeley Drosophila Genome Project Database (BDGP) revealed the presence of four introns and would predict a total length of 6.25 kb for the homeobrain transcription unit (Fig. 2A) .
The Homeobrain homeodomain belongs to the paired-like class (see Galliot et al., 1999 for a review) and is most closely related homeodomain sequences in the proteins DRx, Aristaless (Al) (Campbell et al., 1993; Schneitz et al., 1993) , Munster (Mu) (Goriely et al., 1999) , Repo (Xiong et al., 1994) , Otp (Simeone et al., 1994) and D-goosecoid (D-Gsc) (Goriely et al., 1996; Hahn and Ja Èckle, 1996) (Fig. 2B) . In contrast to paired-type homeodomains which have serine at position 50, the genes similar to homeobrain have paired-like homeodomains of the subclass that possess a glutamine (DRx, Al, Mu, Repo, Otp) or lysine (D-Gsc) at position 50. Another common motif that is encoded by DRx, homeobrain and the D-Gsc genes is the octapeptide/GEH domain, a transcriptional repression domain (Smith and Jaynes, 1996) (Fig. 2C) . The OAR domain (Simeone et al., 1994) , an activation domain found only in some homeoproteins of the paired class is not present in the Homeobrain protein sequence. It is interesting that nearly all of the genes in this subclass (with the exception of repo) reside in two gene complexes at 21C (al, mu and D-Gsc) and 57B (otp, DRx and homeobrain) (Fig. 3A) .
A phylogenetic tree indicates that Hbn is only slightly more closely related to Mu and Al proteins than to Rx, D-Gsc and Otp in the paired-like homeobox family (Fig. 3B) . These data do not support the idea that there was one ancestral complex of brain/tail homeobox genes that then duplicated and diverged to form the two clusters of hbn related genes in the current Drosophila genome. A comparison of the chromosomal location of vertebrate orthologs might give hints concerning the evolution of the two gene clusters. Although Otp, D-Gsc and DRx have obvious vertebrate orthologs, there is not yet strong evidence that there are distinct orthologs for Hbn, Mu and Al proteins in vertebrate genomes.
The expression pattern of homeobrain
Homeobrain transcript expression starts at the syncytial blastoderm stage (stage 4) as a horseshoe like pattern in the dorsal head region (Fig. 4A,B) . During the cellular blastoderm stage (stage 5) the expression domain retracts from the ventrolateral side (Fig. 4C) . A second more laterally located expression domain (arrowhead) becomes visible during early gastrulation (Fig. 4D,E) . In addition the horseshoe pattern resolves into two distinct domains, a dorsal domain showing weaker staining (arrowhead) and a dorsal±lateral domains with stronger staining (Fig. 4F) . During embryonic Three genes map in a 40 kb interval at 57B, from proximal to distal on the chromosome the order is otp, Rx and hbn. Three other Drosophila genes that are close relatives of hbn map in 21C, these are al, mu, and gsc, in distal to proximal order. The Q or K letters in the homeobox regions designate whether this gene encodes a glutamine (Q) or lysine (K) in position #50 of the homeodomain. OAR denotes the presence of an Orthopedia, Aristaless, Rx domain. Octapeptide denotes the position of another motif that is shared by many of these proteins. Panel (B) shows a pylogenetic tree of homeodomain proteins. Phylogenetic analysis were performed on a 64 residues (ranging from the N-terminus of the homeodomain to four amino acid residues downstream) ungapped alignment of the homeodomains of 12 paired-like and three Hox-type proteins. Neighbor-joining tree inference and bootstrapping were performed in DAMBE (Xia, 2000) and maximum likelihood branch-lengths were estimated using PUZZLE (Strimmer and von Haeseler, 1996) . The numbers in the circles denote bootstrap values for the respective nodes on the tree. Dmel, D. melanogaster; Hsap, Homo sapiens; Mmus, Mus musculus; Cele, C. elegans; then Drer, Danio rerio (zebra®sh). stages 9 and 10, transcript expression is detected in three domains on each side of the dorsal posterior head and in a dorsal-anterior spot (Fig. 4G±I) . When the germband is fully extended at stage 11, a few cells in each neuromere of the CNS express homeobrain transcripts (Fig. 4J ) and shortly afterwards each of the three dorsal±lateral expression domains in the head split, resulting in six dorsal±lateral patches of expression. Another expression domain in the posterior region of the embryo (hindgut/midgut boundary) appears during germband retraction. Discrete localized expression domains in the brain and (at lower level) in the ventral nerve cord are detected until the end of embryogenesis (Fig. 4J±O) , whereas the expression in the posterior (gut) region is absent at the terminal stages of embryonic development. 
